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DRUG-INDUCED prolongation of the QTc interval has become the first cause of drug withdrawal or use restriction in the past years because of the potential risk of life-threatening polymorphic ventricular tachycardia, torsade de pointes. 1 Several drugs used during general anesthesia induce lengthening of cardiac repolarization (thiopental, suxamethonium, and all volatile anesthetics). [2] [3] [4] The butyrophenone droperidol and all selective 5-hydroxytryptamine type 3 (5-HT 3 ) receptor antagonists are routinely used to prevent or treat postoperative nausea and vomiting (PONV). 5 These drugs are known to prolong the QTc interval at high dosages. 6 -8 After reports of fatal arrhythmias associated with droperidol use, in particular in high doses used in psychiatric patients, the US Food and Drug Administration warned healthcare providers about droperidol use even in low doses in December 2001. Since this warning, there has been controversy about droperidol use even at lower dosages. 9 -13 This antiemetic drug is known to induce dose-dependent QTc interval lengthening at doses above 0.1 mg/kg. 8 In vitro, droperidol induces potassium channel blockade. 14 At the low doses recommended in the prevention or treatment of PONV, evidence of droperidol-induced cardiac adverse events, in particular torsades de pointes, is lacking. 15 Hence, 5-HT 3 antagonists have become the first-line treatment both for prevention and treatment of PONV. 5 However, 5-HT 3 antagonists (ondansetron, granisetron, and dolasetron) are listed among QT interval-prolonging drugs with possible risk of torsade de pointes.** Moreover, several cases of cardiac dysrhythmias after administration of 5-HT 3 antagonists have been reported. 16, 17 The lack of reliable QTc data in patients treated with low doses of droperidol or 5-HT 3 antagonists contributes to the controversy about their safe use in the perioperative period. Therefore, the aim of this study was to describe QTc interval changes associated with administration of low-dose droperidol or ondansetron to treat PONV.
Materials and Methods
This study was approved by the ethics committee of Paris Cochin (Paris, France). Each patient gave informed consent to be included in this observational study. Patients with nausea or vomiting in the recovery room were consecutively included. Exclusion criteria were prophylactic antiemetic drug administration during the operative period, a known prolonged QTc interval, a decompensated cardiomyopathy, cardiac arrhythmia, or bundle-branch block.
Either 0.75 mg droperidol (Droleptan ® ; OTL Pharma, Cournon, France) or 4 mg ondansetron (Zophren ® ; Glaxo SmithKline, Marly-le-Roi, France) was administered as an intravenous bolus when a patient experienced PONV in the recovery room according to the attending anesthesiologist. The study was nonrandomized, but electrocardiographic evaluations were made without any knowledge of the different therapeutic interventions. Standard postoperative monitoring, including electrocardioscopy, blood pressure monitoring, and pulse oximetry, was routinely used during the postoperative room stay. Tympanic temperature was obtained with a digital thermometer (First temp genius; Sherwood Medical, Crawley, United Kingdom). Apart from serial electrocardiographic recordings, care of the patients was not modified by this study.
Electrocardiographic Recordings
Unfiltered 12-lead electrocardiograms were obtained from all subjects immediately before administration of antiemetic drug (baseline) and 1, 2, 3, 5, 10, and 15 min after intravenous injection. In eight patients in both groups, additional electrocardiographic recordings were performed 30, 45, 60, 90, 120, and 180 min after antiemetic administration. Electrocardiograms were recorded at a paper speed of 50 mm/s and an amplitude of 2 cm/mV with a Pagewriter M1770 device (Hewlett Packard, Andover, MA). Reading and analysis of the electrocardiographic tracings were performed after completion of the study by the same investigator (B. C.) who was blinded to the antiemetic drug received. QT and R-R intervals were measured manually by averaging five successive cardiac beats and using a digitizing pad (SummaSketch II Professional; Summagraphics, Seymour, CN) connected to a microcomputer. For each patient, the chest lead with the largest T-wave amplitude at baseline was selected for all QT interval measurements. The QT interval was measured as described previously 18 and corrected for heart rate (QTc) according to the formula of Bazett (QTc ϭ QT/ ͌ R-R).
To assess spontaneous evolution of QTc interval duration in the postoperative period, serial electrocardiograms were performed in 10 additional patients 1 h after arrival in the recovery room and then 1, 2, 3, 5, 10, 15, 30, and 60 min after the first electrocardiographic recording.
Statistical Analysis
Results are expressed as mean Ϯ SD unless otherwise specified. To detect a QTc change from baseline greater 
Results
Eighty-five patients with PONV were consecutively included in the study. Among them, 43 received droperidol, and 42 received ondansetron. None were taking QT interval-prolonging drugs associated with a demonstrated risk of torsade de pointes before anesthesia. Demographic and clinical characteristics are reported in table 1.
Electrocardiographic Recordings before Drug Administration
The mean QTc interval was 439 Ϯ 29 ms before antiemetic drug administration. According to sex-related thresholds † † (QTc Ͼ 450 ms in men, Ͼ 470 ms in women; fig. 1 ), a prolonged QTc interval was found in 18 of the 85 patients (9 men, 9 women), representing a global percentage of 21% (95% confidence interval, 14 -31%).
In patients who underwent surgery during general anesthesia (n ϭ 73), the basal QTc interval value was inversely correlated with body temperature (r ϭ Ϫ0.500, P Ͻ 0.001) and positively correlated with duration of anesthesia (r ϭ 0.341, P ϭ 0.003). Because a correlation was found between these two parameters, they were tested in multivariate regression analysis. Global prediction of a model including temperature and duration of anesthesia as covariate was increased (r ϭ 0.547, P Ͻ 0.001), with both temperature and duration of anesthesia being significant.
The incidence of prolonged QTc interval was similar in patients who later received droperidol (10 of 43) or ondansetron (8 of 42). The baseline QTc interval was slightly but not significantly higher in patients who later received droperidol (droperidol: 441 Ϯ 28 ms, ondansetron: 437 Ϯ 31 ms; P ϭ 0.5). Heart rate before antiemetic administration did not differ significantly between the groups (droperidol: 80 Ϯ 16 beats/min, ondansetron: 76 Ϯ 14 beats/min; P ϭ 0.3).
Electrocardiographic Recordings after Antiemetic Drug Administration
Mean QTc interval measurements over time are shown in figure 2 after droperidol and ondansetron administration. In both groups, we observed significant QTc changes during the 15 min after antiemetic drug administration (P Ͻ 0.0001). As compared with baseline values, the QTc interval was significantly increased at all measured times except for the 10th minute after administration of droperidol and the 15th minute after ondansetron. Maximal QTc interval lengthening was observed at 2 and 3 min after administration of droperidol and ondansetron, respectively. The mean maximal QTc interval duration until the fifth minute was significantly increased from baseline in both groups (P Ͻ 0.0001; fig.  3 ). Maximal QTc lengthening was 17 Ϯ 9 ms after droperidol and 20 Ϯ 13 ms after ondansetron (both P 0.0001). Heart rate remained stable over time in both study groups (the only significant change compared with baseline was observed at 15 min in the droperidol group; fig. 2 ). QTc interval changes were similar when using the cubic root Fridericia correction formula.
To examine whether the increase in QTc interval duration after antiemetic administration was influenced by baseline QTc value, we plotted maximal QTc as a function of basal QTc. The slope of the linear regression (r ϭ 0.93, P Ͻ 0.0001) was 0.97, with a 95% confidence interval of 0.89 -1.05, indicating that the extent of QTc increase did not depend on its initial value. 19 Figure 4 , which represents 3-h follow-up QTc measurement after droperidol or ondansetron, shows a significant decrease of QTc interval duration over time. From the 90th to the 180th minute after antiemetic administration, the QTc interval was significantly lower compared with baseline in both groups (P Ͻ 0.05).
Prolonged Electrocardiographic Monitoring
Although the study was not designed to compare QTc interval durations during droperidol and ondansetron, there was no statistically significant difference between QTc interval durations at any time among patients who received droperidol or ondansetron.
Categorical Analysis
In 8 patients, the QTc interval increase from baseline was greater than 30 ms: 2 during droperidol (39 and 43 ms) and 6 during ondansetron (31, 31, 38, 44, 52, and 69 ms). Among them, 1 patient experienced QTc lengthening greater than 60 ms after ondansetron administration. A QTc interval greater than 500 ms was recorded in 10 patients (4 during droperidol and 6 during ondansetron) within the 15 min after drug administration. Representative electrocardiograms of two patients, one after each antiemetic, reaching QTc values greater than 500 ms are shown in figure 5 .
Spontaneous Variability of QTc Interval Duration
In patients not receiving antiemetic drug, we did not observe a significant change in QTc interval duration over the 15-min period after the first electrocardiogram. The maximal QTc increase between the first and fifth minutes of recordings was 2 Ϯ 2 ms as compared with baseline (P ϭ 0.03). At 30 and 60 min, QTc significantly decreased as compared with baseline (P Ͻ 0.05; fig. 6 ).
No ventricular arrhythmia was noted during the study period. In one woman, supraventricular tachycardia occurred 10 min after ondansetron administration. It was well tolerated and resolved spontaneously in approximately 5 min. 
Discussion
We have observed a high prevalence of QTc interval prolongation in patients with PONV before antiemetic drug administration. In these patients, we found significant changes in QTc interval duration after administration of both droperidol and ondansetron.
QTc Interval Prolongation in the Recovery Room
According to Committee for Proprietary Medicinal Products (London, United Kingdom), a QTc interval corrected for heart rate above 450 ms in men and 470 ms in women is considered to be prolonged. We have observed a high prevalence of prolonged QTc intervals in our patients before treatment of PONV. Although we do not have preoperative electrocardiograms for the majority of our patients, our high prevalence of long QTc intervals does not reflect the expected 1 in 1,000 prevalence of long QT syndrome. 20 Therefore, a perioperative increase in duration of ventricular repolarization seems the most probable explanation. We have found significant correlations between body temperature, duration of general anesthesia, and baseline QTc interval duration. Hypothermia is a known factor of cardiac repolarization prolongation. 21 During anesthesia, many drugs, such as propofol, 22 thiopental, 23 halogenated agents, 24 or opioids, 25 interact with potassium channels involved in the repolarization process. Therefore, the duration of anesthesia is possibly an indirect index of impregnation of halogenated anesthetics and opioids. Furthermore, as found in the 16 patients in whom electrocardiograms were obtained up to 3 h after antiemetic drug administration and in the 10 patients who did not receive any antiemetic and had electrocardiographic recordings up to 60 min 1 h after their arrival in the recovery room, the QTc interval seems to decrease during the postoperative period. Other factors, such as pain or stress-induced sympathetic stimulation or perioperative electrolytes changes, in particular potassium and magnesium, may possibly be underestimated. 20 Moreover, although vomiting is not a known factor of QTc interval prolongation, we can hypothesize that this particular situation may also have effects on repolarization as a consequence of sympathovagal stimulation during vomiting efforts.
Because a decrease in repolarization reserve, as reflected by basal QTc interval lengthening, seems to occur in the postoperative period, a QT interval-prolonging drug should be prescribed with great caution.
Evaluation of Proarrhythmic Potential of Droperidol and Ondansetron
International guidelines have been proposed to assess the proarrhythmic potential for nonantiarrhythmic drugs. ‡ ‡ Recommendations are to combine in vitro studies, in vivo studies, and postmarketing drug surveillance. In vitro studies usually assess drugs effects on ionic currents involved in cardiac repolarization. These studies have been performed both with droperidol 14 and with 5-HT 3 antagonists. 6, 26 Droperidol has been found to induce a potent block of the rapid component of the delayed rectifier potassium current (I Kr ).
14 I Kr is the main repolarizing channel in the human heart, which is encoded by the human ether-a-go-go-related gene HERG. block the I Kr current but also Na ϩ channels, resulting in lengthening of both depolarization and repolarization. 26 In vivo, human studies have also been conducted with both droperidol and ondansetron, but only at high dosages. QTc interval increases of 37 ms have been reported after an intravenous bolus of 0.1 mg/kg droperidol in patients under general anesthesia. 8 In healthy volunteers, 32 mg ondansetron administered intravenously was found to prolong the QTc interval, but without assessment of initial QTc changes. 6, 7 No study on the effects on QTc interval duration has been published with both of these drugs when used in low doses in recovery patients.
We have observed significant QTc interval changes after administration of both antiemetics. Although for obvious ethical reasons our study did not have a placebo control group, many arguments support a relation between QTc interval prolongation and drug administration. First, the QTc interval was increased in almost all subjects with QTc changes of much greater amplitude compared with patients who did not receive any antiemetic. Second, the maximal observed effect was consistent with the pharmacokinetic profiles of both drugs with early peak plasma concentration after intravenous bolus. This is consistent with the study of Lischke et al., 8 who found maximal QTc interval prolongation occurring in the first minute after intravenous droperidol administration. Furthermore, observed maximal QTc interval prolongation after droperidol administration is consistent with recently published extrapolation of available QTc data, 8 concluding that 0.625 mg droperidol would produce a QTc interval prolongation of 9 Ϯ 3 ms in patient weighing 100 kg. 27 However, our study has some limitations. First, it describes two different therapeutic interventions without randomization, but electrocardiographic analyses were blinded to the administered antiemetic. Moreover, both groups had similar baseline clinical characteristics, including nonstatistically different predrug QTc interval durations. Second, our study did not examine electrolyte imbalances, which could affect cardiac repolarization. However, it is unlikely that such changes would occur in the 2 or 3 min after antiemetic administration and last only a few minutes. Third, the study did not assess the effects of prophylaxis, only those of treatment.
To assess the risk of drug-induced arrhythmia, in addition to in vitro and in vivo studies, reports of adverse events are of great clinical significance. For both droperidol and ondansetron, cardiac arrhythmias have been reported. However, there is no published report of arrhythmia after low-dose droperidol in the treatment of PONV. The only available data have been reviewed by Habib and Gan 15 and extracted from the Food and Drug Administration safety database. For the 10 reported cases, a causal relation of droperidol administration seemed uncertain and has been a matter for extensive debate. [11] [12] [13] It is of interest to note that the only reported case of arrhythmia immediately after droperidol bolus occurred in one patient who received two other 5-HT 3 antagonists. Among them, dolasetron was given almost simultaneously with droperidol. Atrial fibrillation 16 and two cases of dysrhythmias 17 after administration of 4 mg ondansetron have also been reported.
The magnitude of average QTc interval lengthening observed in our study is considered to be associated with a probable potential for risk of torsade de pointes. 28 Furthermore, 12% of our patients reached absolute QTc interval values greater than 500 ms after droperidol (n ϭ 4) or ondansetron (n ϭ 6) administration. This criterion is considered a good predictor for increased risk of drug-induced torsade de pointes. 1, 28 However, QT interval prolongation is only a surrogate marker for the risk of torsades de pointes, and the actual risk must be further evaluated for both drugs. Furthermore, standard criteria to interpret QT interval prolongation in clinical studies have been developed in patients who are different in many aspects from our postoperative vomiting patients.
Clinical Implications
Because of an increased risk of drug-induced arrhythmia, it is usually recommended to avoid QT intervalprolonging drugs in patients who have long QT intervals before drug administration. 29 With respect to these recommendations, in our postoperative vomiting patients, as many as 20% of them should not receive drugs that are suspected to prolong the QT interval, such as droperidol or 5-HT 3 antagonists.
When drugs that can prolong the QT interval are used, physicians should ensure that the potential benefits outweigh the risks. There are great benefits to treating PONV, 5 and from an "epidemiologic" point of view, antiemetic drugs seem to be safe. The occurrence of torsade de pointes is exceptional in the postanesthesia room. Moreover, the level of risk seems to be of comparable amplitude among droperidol and 5-HT 3 antagonists. In fact, although our study was not designed to compare both drugs, QTc interval prolongation does not seem to be different between low-dose droperidol and ondansetron. The rationale for measuring the QT interval before administration of droperidol and possibly 5-HT 3 antagonists also must be better supported by further studies.
The Food and Drug Administration recommended that electrocardiographic monitoring be performed for at least 2-3 h after droperidol administration. § § In the eight patients in whom QTc measurements were obtained up to 3 h after droperidol, we observed a decrease in QTc interval duration over time.
Controversy about the use of low-dose droperidol has led to two approaches of the risk-benefit analysis. On one hand, if one considers that, based on its effect on QT interval duration, droperidol significantly increases the risk of torsades de pointes, 11, 12 it can be expected that 5-HT 3 antagonists will be associated with a risk of similar amplitude because they also may produce QT interval prolongation. Then, the precautions issued by the Food and Drug Administration about droperidol use, i.e., obtaining a 12-lead electrocardiogram before drug administration followed by several hours of electrocardiographic monitoring, should be extended to 5-HT 3 antagonists. If this were the case, approximately 20% of patients should be excluded from treatment for PONV by the two drugs we studied. On the other hand, if one considers that droperidol is associated with a very low risk, 9, 10, 27 except under certain circumstances that could increase the risk of arrhythmia (bradycardia, hypothermia, or hypokalemia), this cost-effective drug could be used routinely. Particular caution should be taken in women who are at increased risk of both PONV and drug-induced torsades de pointes. 30 In conclusion, the risk of proarrhythmias seems to be very low after both droperidol and ondansetron. However, caution should be taken when these drugs are administered to treat PONV, in particular in the common situation of acquired postoperative long QT interval. Use of 5-HT 3 antagonists may not be superior to low-dose droperidol for the safe administration of antinausea vomiting agents in the postoperative room.
